Eastern redcedar (Jun@erus virginiana L.) is the most rapidly expanding woody species on rangeland in the Great Plains. Reasons for the expansion and management solutions have not been determined. The objective of this study was to determine the effect of year of establishment, grazing impacts, and aspect on the survival of eastern redcedar seedlings. Subplots of 10 transplanted eastern redcedar seedlings were replicated at 2 sites in west-central Nebraska. Plots were established in 1987 and 1988 under 3 different grazing levels: actively grazed, actively grazed until 1987 and then fenced from grazing, and not grazed for 250 years. Split-plots within the 3 grazing levels were established on 3 different aspects: north-facing, south-facing, and flat. Seedling survival was evaluated 6,18, and 30 months after establishment period. The year that the seedling was established htfhrenced seedling survival after 18 months. Grazing effects and aspect were significant factors in the survival of eastern redcedar seedlings for all 3 evaluation periods. Highest survival for grazing effects occurred where eastern redcedar seedlings were transplanted into plots that were grazed until 1987 and then fenced (57% f 1.5%). Lowest survival rates conceming grazing were for areas that were not grazed for?50 years (40% f 3.0%). North-facing slopes had the highest survival after 30 months (65% f 2.4%). South-facing slopes had the lowest survival after 30 months (34% f 2.9%). Land managers may be able to reduce eastern redcedar seedling establishment on grazed rangelands through different grazing practices.
primary factors responsible for expansion. Burkhardt and Tisdale (1976) found that juniper stands in Idaho were originally confined to poorer soils and rocky ridges by wildfires. Owensby et al. (1973) concluded that eastern redcedar invasion was restricted by fire and/or cutting. Crockett (1985) felt that soil disturbance was the overriding factor allowing eastern redcedar establishment. Common disturbances included overgrazing, cultivation, abandoned cropland, fence or other construction, or even sand-blowouts.
The rate of eastern redcedar invasion declined as growingseason stocking rate of cattle increased in the absence of fire or mechanical removal (Blan 1970) . Stritzke (1985) said that proper range management did not prevent invasion by eastern redcedar. Owensby et al. (1973) concluded that heavier cattle stocking rates reduced eastern redcedar invasion rates, and that eastern redcedar appeared to invade all upland range sites equally. Slope exposure did not significantly alter eastern redcedar populations, and invasion was accompanied by other woody species.
Grazing can impact the level of plant competition for eastern redcedar seedlings, plant species composition, the degree of soil compaction, and the amount of bare soil (Owensby et al. 1973 , Engle 1985 , Clary and Holmgren 1987 , Stritzke and Bidwell 1990 . Grazing can also cause physical damage to eastern redcedar seedlings through trampling and/or breakage (Fitter and Jennings 1975) .
Our goal was to gain an understanding of selected factors that may influence establishment and survival of eastern redcedar on rangelands. Specific objectives were to determine (1) the effect of year of establishment on the survival of transplanted eastern redcedar seedlings; (2) grazing effects on the survival of transplanted eastern redcedar seedlings; and (3) effect of aspect (slope exposure) on the survival of transplanted eastern redcedar seedlings.
Study Areas and Methods
Transplanted 2 year-old eastern redcedar seedlings were selected as the evaluation population for this study. Study sites were selected in Lincoln and Thomas counties, Neb. The Lincoln County plots were about 35 km south and 9 km east of North Platte, Neb. (lat. 41' OO'/ long. 100030'). The soil type was Coly silt loam, a fine-silty, mixed calcareous, mesic Typic Ustorthent (National Cooperative Soil Survey 1987) . Average annual precipitation is 508 mm with about 8% occurring from April through September. Temperature extremes range from -37'C to 44°C (Soil Conservation Service 1978) . Specific precipitation and monthly average air temperature minimums and maximums were measured at Curtis, Neb. (National Oceanic and Atmospheric Administration 1991), about 6 km from the plots.
The native vegetation at the Lincoln County site was mixed prairie; little bluestem [Schizachyrium scoparium (Michx.) Nash] and sideoats grama [ Bouteloua curtipendula (Michx.) Torr.] were the most abundant species. In 1987, grasses accounted for 66 to 92% of the overall plant composition at the Lincoln County site. The remaining 8 to 34% was comprised of forbs and woody species. Nomenclature was based on Stubbendieck et al. (1992) . Ground cover (bare ground and litter) and plant composition were obtained with the modified single-point method of sampling (Cook and Stubbendieck 1986) .
The Thomas County plots were about 4 km west of Halsey, Neb. (lat. 42' OO'/long. 100' 00'). The soil type was Valentine sand, a mixed, mesic Typic Ustipsamment (National Cooperative Soil Survey 1986). Average annual precipitation is 520 mm with about 80% occurring between April and September. Temperature extremes range from -36" C to 46' C (Soil Conservation Service 1965). Specific precipitation and monthly average air temperature minimums and maximums were measured at the NOAA station near Purdum, Neb. (National Oceanic and Atmospheric Administration 1989), about 9 km from the plots.
Native vegetation at the Thomas County site was sandhills prairie. The most abundant species were sand bluestem [Andropogon gerardii var. paucipilus (Nash) Fern.], switchgrass (Punicum virgatum L.), and threadleaf sedge (Carexfilifolia Nutt.). At the Thomas County site in 1987, grasses and sedge accounted for 47 to 72% of the overall plant composition. The remaining 28 to 53% was comprised of forbs and woody species.
The experimental design was a split-split plot. Each site represented a separate block. Main plots were located on areas which were subjected to 3 different domestic livestock grazing practices: current season-long summer grazing (June 15th to October 1st); season-long summer grazing up to the first year of transplanted eastern redcedar seedlings establishment (1987) and then fenced from cattle; and not grazed for 250 years. The Lincoln County grazed plots were located in a rangeland pasture about 130 ha in size with an average stocking rate of 2.1 ha animal unit (AU).' season-'. The Thomas County grazed plots were located in a rangeland pasture about 620 ha in size with an average stocking rate of 5.7 ha AU' season-'. The season-long summer grazing up to the first year of transplanted eastern redcedar seedling establishment (1987) and then fenced from cattle plots were about 0.4 ha in size at both sites. The not grazed for 250 years plots were located in areas that had been excluded from grazing by domestic livestock through fencing. Other herbivores, such as deer and grasshoppers, were not excluded from the plots that excluded domestic livestock.
Three different aspects within the 3 different grazing plots were designated as split-plots and were located on north, south, and flat aspects. The north-and south-facing split-plots at both sites had slopes of 25 to 35% The flat aspect split-plots at both sites had 0 to 2% slopes. Years of establishment (1987 and 1988) were the splitsplit plots.
Within each of the 9 split-plots (3 aspects within each of 3 grazing practices), 6 sampling units of 10 eastern redcedar seedlings each (a total of 60 seedlings per split-plot) was transplanted in 1987 and 1988 at both sites. With 9 split-plots planted for 2 years at 2 locations, 2,160 seedlings were planted. The seedlings were handplanted about 40 cm apart with no site treatment before planting.
The eastern redcedar seedlings were 2-year-old plants that averaged between 20 cm and 30 cm in height with root lengths of about 20 cm. The seedlings were transplanted while dormant in early spring (average planting date of 1 April). This planting date was selected to represent the average period for naturally occurring seedlings at the sites to initiate growth. No cultural practices, such as watering or weed control, were applied. Seedling survival was evaluated 6 months, 18 months, and 30 months after planting (3 growing seasons). Any green appearing on any part of a plant qualified it as being alive. Seedling survival data were analyzed by analysis of variance with tests of hypotheses using specified Type III mean squares as error terms (point in time analysis), means, and repeated measures as univariate tests of hypotheses for within subject effects (responses over time).
Eastern redcedar seedling survival results are presented 2 ways: (I) in terms of their survival at the end of each growing season (analyzed as main effects, i.e., without time as an interaction); and (2) as responses over time (results interacting with time). The statistical analysis for responses over time utilized adjusted PR>F's to avoid biases that are inherent with split-split plot correlation's not equaling zero (Milliken and Johnson 1984) . Differences in results were considered significant at p10.10.
Results and Discussion
Mean seedling survival was higher at the Lincoln County site than at the Thomas County site after 6,18, and 30 months. Year of establishment did not influence survival of seedlings at 6 months (Table 2 ). However, after 18 and 30 months, year of establishment affected seedling survival. Year of establishment was also a factor in eastern redcedar seedling survival response over time (Table 3) .
Precipitation was a factor for survival relative to year of establishment. Precipitation totals for 1987 through 1990 revealed fluctuations in amounts and when it occurred (Fig. I) . The highest total annual precipitation occurred in 1987; however, the most precipitation received during the growing season (1 April through 30 September) occurred in 1988. Greatest eastern redcedar seedling survival after 6 months was recorded in 1988 (Table 1) . However, 18 months after planting, the 1987 plantings had greater survival. Precipitation for 1987 and 1988 was above average, and in 1989 and 1990, precipitation was below-average (Fig. 1) . The 1987 plantings had 2 years of above-average precipitation compared to only 1 year of above-average precipitation for the 1988 plantings. We attributed the long-term higher survival for 1987 plantings to the additional year of above-average precipitation. Overall survival during the 30-month evaluation period changed 5% in the 1987 plantings. In comparison, the total change in percent survival of the 1988 plantings was 29% The 1988 plantings had above-average conditions in the first growing season, which resulted in above-average survival. However, the growing conditions during the second and third seasons for the 1988 plantings were below average, which resulted in the 29% change in overall survival after 30 months. Survival depended on weather conditions that were beneficial for establishment occurring in the particular year of establishment. It appeared that precipitation occurring during late spring of the year of establishment resulted in higher eastern redcedar survival initially. However, total precipitation during the years following establishment resulted in higher long- Grazing effects on the vegetation were a significant factor in the survival of eastern redcedar seedlings for all 3 evaluation periods ( Table 2 ). The 3 grazing treatments also resulted in different survival over time (Table 3) . Areas fenced from grazing had the highest seedling survival (Table 1 ). The areas that had not been grazed for 250 years had the lowest mean seedling survival. Survival of eastern redcedar seedlings declined over time for all 3 grazing treatments. The decline in survival over time was highest for the no-grazing treatments and smallest for the fenced-from-grazing treatments. Eastern redcedar seedling survival advantages gained in the fenced-from-grazing and grazed areas were maintained over time and were the most pronounced at the end of the 30-month period.
This impact of grazing on eastern redcedar seedling survival is probably not due to actual grazing of the seedling by cattle but to the secondary impacts of grazing such as decreasing plant competition (Butler and Goetz 1984, Clary and Holmgren 1987) . Highest levels of bare ground (60%) and lowest levels of litter (26%) and plant cover (14%) were recorded for the grazed treatments. In comparison, the not grazed for 250 years had 41v0 bare ground, 39% litter, and 20% plant cover. The multiple impacts on the site that resulted from grazing effects appeared to improve the growing environment for eastern redcedar seedlings, giving them a competitive advantage. The primary factor that contributed to the improved growing environment for eastern redcedar seedlings was lowered plant competition. Year of establishment with grazing treatment over time interactions were important due to conditions in any year which directly impacted the effect of grazing on survival. Factors that can vary between years include weather conditions, forage production, and management practices such as stocking rate. The interaction of year of establishment with grazing treatment over time resulted in significant differences in the survival of eastern redcedar (Table 3) . The 1987 plantings for all 3 grazing treatments had moderate declines in survival, while the 1988 plantings for all 3 grazing levels had significant declines over the 30 months of the study (Table 1) . These changes over time were related to year of establishment and grazing. The highest survival over time was for 1987 plantings, which were fenced from grazing. Grazing effects on seedling survival, in combination with year of establishment effects, remained important and interacted over the 30-month time period.
Aspect was an important factor in the establishment of eastern redcedar seedlings primarily because of related micro-climatic effects. Micro-climatic effects that provide advantages for estab-lishing eastern redcedar include improved moisture availability and lower temperatures on north-facing slopes. In Nebraska, north-facing slopes had slower snow melt, which resulted in improved moisture availability. These same slopes were not exposed to direct sunlight resulting in lowered temperatures. The impact of aspect on eastern redcedar seedling survival was significant (Table 3 ). The highest survival was recorded on the northfacing slopes, with the lowest survival found on south-facing slopes (Table 1) . A significant difference occurred between aspects through the 30 months of the study. The greatest change in survival from 6 months to 30 months occurred on south-facing and flat aspects. These sites experienced a 2 1% decrease in seedling survival over the 30-month time period. In comparison, survival on northfacing slopes decreased 10% over the same time span. The difference in survival between the 3 different aspects increased each year; however, the greatest difference between aspects in terms of seedling survival occurred after 6 months.
Conclusions
The critical point concerning spread of eastern redcedar on rangelands is to understand the factors that impact the long-term survival and establishment, and what management schemes can be developed to discourage establishment. Grazing resulted in improved eastern redcedar establishment, possibly because the presence of cattle adversely impacted competing plants, which reduced competition to the new seedlings. Aspect and year of establishment are factors affecting seedling survival that cannot be altered. However, land managers can influence grazing and the interaction of grazing with the above factors on any tract of land. Thus, grazing management could be directed at developing management practices that will result in fewer trees being established. The knowledge that north aspects and years of favorable weather are more likely to be susceptible to eastern redcedar invasion, could allow grazing management alternatives to be made on these sites in critical years. Future research and management efforts should be directed at determining management alternatives that will discourage eastern redcedar seedling establishment during periods of above average precipitation with a focus on north-facing slopes.
